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(54) Process and equipment for 
burning gases containing H 2 S to 
form sulphur 

(57) The invention relates to a pro- 
cess for the burning of H 2 S-contain- 
ing gases with air and/or oxygen to 
elementary sulphur and for the sep- 
aration of the sulphur from the re* 
action gas, and is carried out in a 



burner-equipped combustion zone 
(1a), a subsequent reaction zone 
(1b) and several cooling zones. 
When the H 2 S-containing gases 
contain 3*25% H 2 S, they are 
passed into the combustion zone 
essentially by one or several main 
burners (3), and when they contain 
<25% H 2 S the gases are passed to 
the combustion zone by a by-pass 
burner (4). In the low-load range 
heating gas is additionally burned 
by a separate burner (5) and the 
cooling surfaces in the cooling 
zones, to which reaction gas is ad- 
mitted, are reduced. 
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SPECIFICATION 

Process and equipment for the burning of 
gases containing H 2 S 

5 

The invention relates to a process for the 
burning of H 2 S-containing gases with air and/ 
or oxygen to elementary sulphur and for the 
separation of the sulphur formed from the 
1 0 reaction gas. The invention also relates to 
equipment for carrying out this process. 

Processing of hydrogen-sulphide-containing 
gases by the Ciaus method is effected in 
plants which may be operated in a load range 
15 between 100 and 20%. Often, however, it 
becomes necessary to keep the plant operat- 
ing at loads below 20%. This may be the 
case in refineries, for example, where from 
time to time very-low-sup hur crude oils are 
20 processed and /or only a fraction of the capa- 
city is utilized. 

This invention is based on the need to 
provide a process and equipment for the 
transformation of H 2 S-contatning gases into 
25 elementary sulphur in a load range from 100 
down to 5%, which ensures reliable trouble- 
free operation even in the low-load range. In 
the load range from 20 to 5% in particular, 
the invention seeks to provide reliable burning 
30 of the H 2 S-containing gas and mist-free separ- 
ation of the formed sulphur. 

The invention is based on a process for the 
burning of H 2 S-containing gases with air and/ 
or oxygen to elementary sulphur and the 
35 separation of the formed sulphur from the 
reaction gas in a burner-equipped combustion 
zone, a subsequent reaction zone and several 
cooling zones, in which the formed sulphur, 
optionally after previous re-heating and cata- 
40 lytic further transformation into sulphur, is 
condensed and then separated from the reac- 
tion gas. In a high-load range, the H 2 S-con- 
taining gases are passed into the combustion 
zone essentially by one or several main bur- 
45 ners, and, in a low-load range, the gases are 
passed into the combustion zone by a by-pass 
burner with heating gas being additionally 
burned by a separate burner in the low-load 
range and with the cooling surfaces in the 
50 cooling zones, to which reaction gas is admit- 
ted, being reduced. Because in the low-load 
range, the H 2 -containing gas is passed into 
the combustion chamber by a separate by- 
pass-burner designed for this load range, and 
55 because due to the burning of heating gas in 
this load range a reaction temperature suffici- 
ent for transforming the H 2 S into sulphur is 
maintained, a reliable H 2 S conversion of more 
than 90% into elementary sulphur is achieved 
60 even for a load range from 20 to 5%. By 
reducing the cooling surface acted upon by 
reaction gas in the low-load range, the forma- 
tion of sulphur mists in the cooling zones is 
avoided thus achieving mist-free condensation 
65 of the sulphur. Where the reaction gases 



leaving the cooling zones are re-heated in in- 
line burners, the reduction in cooling surface 
in the low-load range has the added advan- 
tage of saving on heating gas, if the in-line 

70 burners are operated with heating gas, or of 
increasing the sulphur recovery level of the 
whole process, if the in-line burners are oper- 
ated with acid gas. 
In the preferred embodiment of the process 

75 according to the invention the switch-over 
between high-load and low-load operation is 
effected at a load in the 1 5-40% range, 
preferably at a load of approximately 25%. In 
the high-toad range for example, the main 

80 burner may take 95 to 20% of the load, 
whilst the by-pass-burner is supplied con- 
stantly with 5% of the nominal load. When in 
the downward direction the load has reached 
25%, the switch-over may be made by 

85 switching the main burner off and keeping 
only the by-pass-burner running, whose load 
will increase from 5 to 25% as the switch- 
over is made. 
Preferably the heating-gas burner is 

90 switched in or out as a function of the temper- 
ature in the reaction zone or the combustion 
zone. In this way the temperature in the 
reaction zone may be maintained at the opti- 
mum value required for the formation of sul- 

95 phur even in the low-load range, which opti- 
mum value cannot be achieved in the low- 
load range solely by burning the H 2 S. This 
temperature in the reaction zone achieved by 
burning heating gas is generally 900 to 
1 00 11 50 *C in the low-load range. The supply of 
heating gas to the heating-gas burner is con- 
veniently controlled by the temperature in the 
reaction zone. In general, the heating-gas bur- 
ner is switched on, when the load has 
105 dropped to 40% or less, preferably to 25% or 
less. 

With the preferred embodiment of the pro- 
cess according to the invention the change in 
the admission of the reaction gas to the 

1 1 0 cooling surfaces is effected at a load in the 
approximately 40 to 60% range. If the load 
drops below a value in this range, the cooling 
surfaces acted upon by the reaction gas are 
reduced. This has the effect of preventing an 

1 1 5 excessive drop in the speed of the gas in the 
cooler and the formation of elementary sul- 
phur mists which are difficult to separate in 
the usual sulphur condensers. 

Furthermore provision should preferably be 

1 20 made for the air supply to the combustion 
zone to be controlled by a process chromato- 
graph, in the high-load range via the amount 
of air flowing to the main burner(s) and in the 
low-load range via the amount of air flowing 

1 25 to the heating-gas burner. The command vari- 
able for controlling the air supply is the 
H 2 S/S0 2 ratio in the reaction gas at the exit 
of the plant, that is after the last sulphur 
condensation before the entry of the end gas 

1 30 into a thermal or catalytic post-burning stage. 



2 



The control may be effected by means of by- 
pass lines with control valves provided on the 
main air valves of the air lines to the mains 
burners/the heating gas burner, with the con- 
5 trol valves opening to a greater or lesser 
extent depending upon the control commands 
coming from the chromatograph. To ensure 
that the H 2 S-containing gas is reliably burned 
even at very low load, the process air is 

10 conveniently controlled on the air line to the 
heating-gas burner. Conveniently the air sup- 
ply to the by-pass-burner is limited to a toad 
range from 8 to 25%. If the reaction gas is 
re-heated after condensation of the sulphur by 

1 5 means of inline-burners, the supply of air to 
the by-pass-burner is omitted for loads below 
8%, whilst in cases not employing in-line- 
burners the supply of air to the by-pass-burner 
is maintained down to 5%. The air supply to 

20 the by-pass-burner is set to a constant ratio in 
relation to the H 2 S-containing gas, whereby 
the control is effected, as explained above, by 
the air supply to the heating gas burner, 
which is always operating in the low-load 

25 range. 

The equipment for carrying out the process 
according to the invention comprises a com- 
bustion furnace including a combustion cham- 
ber, a reaction chamber and burners for H,S- 

30 containing gas and heating gas, further a 
reaction gas cooler and at least one sulphur 
condenser/separator. At least one main bur- 
ner for the high-load range and a by-pass- 
burner and a heating-gas burner for the low- 

35 load range are provided in the wall of the 
combustion chamber, and the cooling surfaces 
of the sulphur condenser/separator are div- 
ided enabling part of the cooling surfaces to 
be shut off. Whilst with the previous Claus 

40 furnaces a heating-gas burner was only used 
for the start-up, its purpose with the equip- 
ment according to the invention is to prevent 
the reaction temperature from dropping in the 
low-load range due to insufficient heat genera- 

45 tion from the burning of the H 2 S. Tne heating- 
gas burner thus has a permanent function in 
the low-load range. Shutting-down a part of 
the cooling surfaces ensures that in the low- 
load range, the mass speed in the cooling 

50 tubes does not drop below a certain value, 
thus avoiding the formation of sulphur mists 
in the gas phase. If the sulphur condenser/se- 
parator comprises a bank of tubes surrounded 
by a coolant, separate gas inlet pipes are 

55 preferably provided for the central tubes and 
for the tubes of the outer circumferential area, 
and a shut-off device is arranged in the gas 
line supplying the central tubes, in the low- 
load range the central tubes may be discorv 

60 nected from the gas flow by means of the 
shut-off device. Shutting-off the central (inner) 
tubes ensures that the central (shut-off) tubes 
are surrounded by a sufficiently heated cool- 
ant (water), so that the sulphur is prevented 

65 from consolidating in these tubes not acted 
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upon by the reaction gas. 

The invention will now be described in 
detail by way of example with reference to the 
drawings in which: 

70 Figure 1 is a schematic illustration of the 
combustion furnace with the burners for acid 
gas and heating gas; 

Figure 2 is an enlarged illustration of part of 
the combustion furnace showing the gas feeds 

75 and the associated control devices; 

Figure 3 is a schematic illustration of that 
part of the equipment according to the inven- 
tion which is arranged downstream of the 
combustion furnace, and 

80 Figure 4 is an enlarged illustration of one of 
the sulphur condensers built into the equip- 
ment according to the invention. 

Fig. 1 shows the combustion furnace 1 
comprising a combustion chamber 1 B and a 

85 reaction chamber 1* attached to which is the 
first stage of the process gas cooler 1 c . A 
restriction has been created between cham- 
bers V and 1 b by means of a baffle plate. The 
acid gas advanced through line 2 may be 

90 passed to the main burner 3 via line 2". 
whereby main burner 3 is shaped as a multi- 
jet burner. The acid gas may also be passed 
to a by-pass-burner 4 via the by-pass-line 2 b . 
Furthermore the combustion chamber 1 * has a 

95 central heating-gas burner 5 which is supplied 
with heating gas via line 6. 

As shown in Fig. 2, the acid gas lines 2* 
and 2 b and also the heating-gas line 6 contain 
control valves 8", 8 b and 9 respectively, the 
100 importance of which will be described further 
on. Oxygen and air are passed to the burners 
3, 4, 5 from the line 7 via the part lines 7\ 
7 b and 7 C respectively, also equipped with 
control valves 10\ Ky'and 10' respectively. 
1 05 Acid gas to the in-line-burners is supplied via 
line 2*. 

As can be seen from Fig. 2, valves 8*, 8 b , 9 
and 1 0* to 1 0° form part of an integrated 
control system allowing the controlled supply 

11 0 of acid gas, heating gas and air to the burners 
3 to 5. Actuation of the heating gas valve 9 is 
controlled by a temperature sensor 1 1 in the 
reaction chamber 1 b of the furnace, and simi- 
larly air valve 10 c in the associated air line 7 e 

1 1 5 is controlled via a ratio control. The combus- 
tion air is controlled by a process chromato- 
graph (not shown), which detects the 
H 2 S/S0 2 -ratio in the reaction gas at the exit, 
i.e. after the last sulphur condensation before 

1 20 entry of the gas into a thermal or catalytic 
post-burning stage. The purpose of this com- 
mand variable is to control the amount of 
combustion air flowing through line 7* to 
valve 1 0* by means of a valve 1 2 in the by- 

125 pass-line 13 in the load range between 25 
and 100%. For loads below 25% the supply 
of combustion air to the heating-gas burner 5 
is controlled by the process chromatograph 
via control line 14 by means of valve 1 5 

1 30 which is arranged in a by-pass 1 6 to the air 
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valve 10*. 

According to Fig. 3 the reaction gas flows 
from the furnace 1 initially through a first 
reaction cooler 1 e , in which it is cooled to a 
5 temperature of at least 10 to 20'C above the 
sulphur melting point thus substantially 
avoiding any sulphur condensation. The cool- 
ing of the gas is effected by generating me- 
dium-pressure steam. The reaction gas is then 
10 cooled down to a temperature below the sul- 
phur melting point in a cooler/condenser/se- 
parator 20. During this process a large part of 
the formed sulphur is separated. The tempera- 
ture of the cooled reaction gas will be in the 
15 range between 180 and 220X for example. 
Subsequently the gas is heated in a combina- 
tion chamber 21 to 220-300'C for example, 
by means of an in-line burner. This is 
achieved by burning acid gas supplied 
20 through line 22 with air supplied through line 
23 in the combustion chamber 21 . The gas is 
then further transformed at a Claus contact 
24, followed by a cooler/condenser 25, 
where it is freed from the sulphur which has 
25 formed. The gas, cooled down to 

140-180'C. is re-heated in a further combus- 
tion chamber 26 to 180-250'C for example, 
by burning acid gas (line 27) with air (line 
28), it is then further transformed at the Claus 
30 contact 29 and finally cooled down in the 
cooler/condenser 30 to allow the sulphur to 
condense. When it has cooled to 1 20-1 BOX 
and the sulphur has separated out, the gas 
reaches a third and possible fourth Claus 
35 contact stage and/or a post-burning facility. 
The cooler/separator 20, 25, 30 illustrated 
in Fig. 3 can be seen dimensional !y enlarged 
in Fig. 4. It has a bank of tubes between tube 
plates with central tubes 34 to which gas may 
40 be admitted through a pipe socket 38 b , and 
tubes 35 in the annular area surrounding the 
central tubes 34, to which gas may be admit- 
ted through a pipe socket 38*. The gas is 
supplied to the condenser 30 through line 32, 
45 whereby the central tubes 34 are supplied by 
line 32 b containing the shut-off device 33, 
whilst the tubes 35 in the annular area are 
supplied via partial line 32*. Downsteam of 
the bank of tubes is the separator, where the 
50 sulphur droplets which have formed are sepa- 
rated. The liquid sulphur collects in the trap 
39 and is drawn off by line 37. The reaction 
gas leaves the separator through line 3 1 . This 
design permits the cooling surface to be re- 
55 duced to the tubes 35 in the annular area by 
shutting off line 32\ when the load has 
dropped to a certain value, for instance to 
50%. 

60 Operating methods 

1 . Operation in a load range from 1 00 to 

25%. 

5% of the H 2 S-containing gas are advanced 
at a controlled rate to the by-pass-burner 4 
65 and directed into combustion zone 1* without 



combustion air. The remaining 20 to 95% are 
burned together with the required quantity of 
air at a controlled pressure in the main burner 
3, whereby the quantity of acid gas required 

70 for the in-line burners 21 , 26 may be de- 
ducted from this quantity. The heating-gas 
burner 5 which is not in operation is purged 
with part of the combustion air or an inert 
gas, in order to prevent the intrusion of sul- 

75 phur vapours into the burner. When the reac- 
tion temperature, in general approximately 
1 000 *C, drops below this value in the com- 
bustion chamber V or the reaction chamber 
1 b , the heating-gas burner 5 is ignited and the 

80 purging stops. The process chromatograph 
controls the air quantity admitted to the main 
burner 3. 

2. Operation in the load range from 25 to 
5%. 

85 When a load of 25% is reached, i.e. 20% 
to the main burner 3 and 5% to the by-pass 
burner 4, the main burner 3 is switched off 
and purging with an inert gas begins. The 
acid quantity is burned at a controlled pres- 

90 sure in the by-pass burner 4 with the quantity 
of air required for the process. If the heating- 
gas burner is not in operation, it is ignited at 
this stage at the latest in order to ensure 
reliable operation down to a load of 5%. The 

95 process air quantity from the process chroma- 
tograph is controlled by valve 1 5 in the by- 
pass 1 6 to the air valve 1 0 6 of air line 7 C to 
burner 5. 

3. Load range from 25 to 5% employing in- 
1 00 line burners operated with acid gas. 

The burning of actd gas in the in-line bur- 
ners 21, 26 and possibly further in-line bur- 
ners is effected in the range between the 
stoichiometric air quantity for burning to S0 2 

1 05 (X « 0.9 to 0.95) and that for burning to 
sulphur for the purpose of avoiding an 0 2 
surplus. In order to prevent the air/ acid gas 
ratio going to the by-pass burner 4 from 
dropping below the minimum value (maintain- 

1 1 0 ing the flame), this ratio is preset and used to 
operate the by-pass burner 4 at a value below 
the stoichiometric value. The fine adjustment 
of the process air quantity is effected as 
indicated in 2. When a minimum quantity of 

1 1 5 acid acid is reached, e.g. 10 to 1 5% (as a 
function of the acid gas concentration and the 
acid gas quantity to the in-line-burners) the air 
supply to the by-pass burner 4 is switched off. 
Air control is effected as previously, via the 

1 20 combustion air for the heating gas. The trans- 
formation into elementary sulphur is then ef- 
fected, in the main, in the reaction zone 1 b of 
the combustion furnace 1 . 
With the process according to the invention 

125 the variations in the load may be caused by 
changes in the gas throughput, and also by 
fluctuations in the H ^-concentration. 

CLAIMS 

1 30 1 . Process for the burning of H 2 S-contain- 



4 



GB2117749A 



4 



ing gases with air and/or oxygen to elemen- 
tary sulphur and the separation of the sulphur 
from the reaction gas, within a load range 
from 100 to 5%. in a burner-equipped conv 
5 bustion zone, a subsequent reaction zone and 
several cooling zones, in which the formed 
sulphur, optionally after previous re-heating 
and catalytic further transformation into sul- 
phur, is condensed and then separated from 

1 0 the reaction gas, wherein in a high-load 
range, the H ? S-containing gases are passed 
into the combustion zone essentially by one or 
several main burners, and. in a low-load 
range, the gases are passed into the com bus- 

1 5 tion zone by a by-pass burner, with heating 
gas being additionally burned by a separate 
burner in low-load range and with the cooling 
surfaces in the cooling zones, to which reac- 
tion gas is admitted, being reduced. 

20 2. Process according to claim 1. wherein 
the switch-over from high-load to low-load 
operation is effected at a load in the 1 5-40% 
range. 

3. Process according to claim 2, wherein 
25 the switch-over is effected at a load of about 

25%. 

4. Process according to claim 1, 2, or 3 
wherein the heating-gas burner is switched in 
or out as a function of the temperature in the 

30 reaction zone or combustion zone. 

5. Process according to any one of claims 
1 to 4, wherein the heating gas is burned at a 
load of 40% or less. 

6. Process according to claim 5, wherein 
35 the heating-gas is burned at a load of 25% or 

less. 

7. Process according to any one of claims 
1 to 6, wherein the change in the admission 
of the reaction gas to the cooling surfaces 

40 takes place at a load in the range between 40 
and 60%. 

8. Process according to any one of claims 
1 to 7, wherein the air supply to the combus- 
tion zone is controlled by a process chromato- 

45 graph, in the high-load range via the amount 
of air flowing to the main burner or burners 
and in the low-load range via the amount of 
air flowing to the heating-gas burner. 

9. Process according to any one of claims 
50 1 to 8, wherein the air supply to the by-pass- 
burner is limited to a load range between 8 
and 25%. 

10. Equipment for carrying out the pro- 
cess according to any one of claims 1 to 9. 

55 comprising a combustion furnace with a com- 
bustion chamber, a reaction chamber and 
burners for H 7 S-containing gas and heating 
gas, the equipment further comprising a reac- 
tion gas cooler an at least one sulphur con- 

60 denser/ separator, at least one main burner for 
the high-load range and one by-pass-burner 
and one heating burner for the low-load range 
being provided in the wall of the combustion 
chamber, and the cooling surfaces of the 

65 sulphur condenser/separator being divided 



enabling part of the cooling surfaces to be 
shut off. 

1 1 . Equipment according to claim 10, in 
which the sulphur condenser/separator com- 

70 prises a bank of tubes, with separate gas inlet 
pipes being provided for the central tubes and 
for the tubes of the outer circumferential area 
of the bank of tubes and with a shut-off 
device being arranged in the gas line supply- 

75 ing the central tubes. 

1 2. Process for the burning of H 2 S-con- 
taining gases with air and/or oxygen to ele- 
mentary sulphur and the separation of the 
sulphur from the reaction gas substantially as 

80 described herein with reference to the accom- 
panying drawings. 

1 3. Equipment for carrying out a process 
for the burning of H 2 S-containing gases with 
air and/or oxygen to elementary sulphur and 

85 the separation of the sulphur from the reac- 
tion gas, substantially as shown in the accom- 
panying drawings and described herein with 
reference thereto. 
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